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Preface

We are pleased to provide a new edi-
tion of our text. Since publication of the 
first edition, there have been changing 
clinical perspectives and new research 
on key topics in the evaluation and care 
of children and adults with craniofacial 
anomalies. We cover these new develop-
ments and alert the reader to their clinical 
importance.

As with the first edition, we intend 
this book to be a concise, practical, and 
evidenced-based text on cleft lip and 
palate and related craniofacial disorders 
for advanced undergraduate students, 
graduate students, and professionals in 
speech-language pathology. Students and 
professionals in related disciplines such 
as dentistry, medicine, psychology, and 
social work also may find this book use-
ful in providing information on individu-
als with craniofacial conditions. Indeed, 
we have been delighted to hear from col-
leagues in dentistry who have enthusiasti-
cally endorsed the text.

Cleft palate with or without cleft lip 
is a congenital defect that varies both in its 
severity and impact on facial/oral struc-
tures and communication. Treatment of 
individuals is typically a long and often-
complicated process — extending into 
early adulthood and beyond — that is best 
accomplished in a team setting. In addi-
tion to the speech-language pathologist, 
other team members typically include 
a plastic surgeon, dentist, orthodontist, 
oral and maxillofacial surgeon, geneticist, 
social worker, and psychologist. Although 
all members of the team contribute to the 
habilitation of the individual throughout 
his/her lifespan, certain team members 
assume critical roles at specific times of 

life. The purpose of this book is to pro-
vide the student and/or professional in 
speech-language pathology and other 
healthcare professions the information 
needed to (a) evaluate and treat commu-
nication disorders associated with cleft 
palate regardless of their primary place 
of employment (i.e., craniofacial team, 
hospital, school, or private practice), and 
(b) understand the complex — and some-
times controversial — surgical and dental 
management of individuals.

To help achieve these goals, the mate-
rial in the book is presented in a devel-
opmental framework that emphasizes the 
most critical needs of the individual from 
birth to adulthood. This organizational 
approach has both practical and concep-
tual advantages. Practically, it allows the 
reader to access information more read-
ily according to the age and presenting 
condition of the individual (i.e., birth, lip 
repair, palate repair, alveolar bone graft-
ing, maxillary advancement). Conceptu-
ally, it chronicles the lifelong impact of 
craniofacial birth defects on the individ-
ual and elucidates the timing and ratio-
nale of surgical, dental, and behavioral 
interventions.

Part I provides necessary fundamen-
tals for the student and/or professional. 
Chapter 1 reviews embryology, anatomy, 
and physiology of the facial, oral, and 
velopharyngeal structures that are affected 
by clefts. Chapter 2 describes the types 
and causes of clefts with an emphasis on 
embryological classification. The contro-
versy regarding timing of palate repair is 
discussed from the perspective of speech 
and language development. Chapter 3 
provides an overview of genetics and the 
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terminology used to categorize and iden-
tify congenital anomalies. A select group 
of craniofacial anomalies most likely to 
be encountered by the professional is 
presented.

Part II focuses on evaluation and 
management of the individual from birth 
to three years of age. Chapter 4 describes 
normal feeding physiology, feeding prob-
lems associated with cleft palate, and 
approaches to facilitate feeding prior to 
palate repair. Chapter 5 describes presur-
gical and surgical management of cleft lip 
and palate. Chapter 6 covers the almost 
universal occurrence of otitis media with 
effusion, hearing loss that can occur in 
infants with cleft palate and current meth-
ods of management. Chapter 7 reviews 
early linguistic development in infants 
with cleft palate and intervention strate-
gies before and after palate repair.

Part III focuses on evaluation and 
management of the individual from age 
three throughout the middle school years. 
Chapter 8 describes the resonance, nasal 
emission, articulation, voice, fluency, 
and intelligibility characteristics of chil-
dren with repaired cleft palate. Chapter 9 
provides detailed coverage of perceptual 
assessment and an overview of instru-
mental assessment techniques. Chapter 10 
describes practical approaches to treating 
children with articulation problems in 
the school setting. Chapter 11 presents 
an overview of behavioral, surgical, and 
prosthetic options to manage velopharyn-
geal inadequacy that persists following 
initial palate surgery. Chapter 12 describes 
the orthodontic preparation and surgical 
correction of clefts of the alveolus.

Part IV focuses on evaluation and 
management of adolescents and adults 
with cleft palate. Chapter 13 describes 
the rationale and timing of maxillary 
advancement in adolescents to improve 
facial esthetics, dental occlusion, and 

articulation. Chapter 14 discusses the 
adult with cleft palate including persis-
tent concerns, quality of life, and transi-
tion to adult-focused care.

Although clefts of the lip and/or pal-
ate are among the most frequently occur-
ring birth defects, the actual number of 
individuals affected in the United States is 
relatively low. It is not unusual, therefore, 
for speech-language pathologists work-
ing in the schools to seldom encounter 
children with clefts. It is our hope that the 
materials in this book will be a valuable 
resource for clinicians. Certain content 
that is typically included in other texts 
has been omitted in this book. In order 
to maintain conciseness and adhere to a 
developmental structure, we have chosen 
not to include separate chapters on the 
functioning of craniofacial teams and the 
psychosocial aspects of individuals with 
craniofacial anomalies. Nevertheless, we 
have integrated relevant information on 
these subjects within different chapters 
throughout the book. It is evident that 
these areas hold significant importance. 
Maternal reactions to an infant born 
with a cleft are covered in Chapter 4, 
for example, and learning disabilities of 
children with cleft palate are reviewed in 
Chapter 10.

Finally, the book has been written 
with a goal to cite evidence-based sources 
to support evaluation and intervention 
approaches. In some areas, there is little 
objective evidence available to guide 
clinical decision-making. In those areas, 
we note the lack of evidence and suggest 
directions for future research. It is our 
hope that this book will not only inform 
but also challenge clinicians in speech-
language pathology and other health 
professions to provide the best evidence-
based evaluation and management of 
individuals with cleft palate and cranio-
facial anomalies as possible.
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We intend this book to serve as a roadmap 
to the diagnosis and care of individuals 
with orofacial clefts and other craniofacial 
conditions from birth through adulthood. 
To do so, the speech-language patholo-
gist (SLP) and other health care provid-
ers must know certain fundamentals. 
Chapter 1, “Orofacial and Velopharyngeal 
Structure and Function,” provides infor-
mation on embryology, normal anatomy, 
and physiology. Major landmarks of the 
face, nose, and oral cavity are identified 
and detailed descriptions of the velopha-
ryngeal muscles and functions are pro-
vided. Chapter 2, “Clefts of the Lip and 
Palate,” describes the types of clefts that 

are commonly encountered in the clinic. 
Special attention is given to submucous 
clefts as these may be subtle, difficult to 
identify, and may not have functional 
consequences. Causes of clefts and epide-
miology relative to prevalence and recur-
rence are reviewed. Finally, Chapter 3, 
“Genetics and Craniofacial Anomalies,” 
provides an overview of genetics and the 
terminology used to categorize and iden-
tify congenital anomalies. A select group 
of craniofacial anomalies that impact com-
munication is presented. The information 
in Part I sets the stage for the remainder 
of the book.
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1
Orofacial and Velopharyngeal 

Structure and Function
Jamie Perry and David J. Zajac

INTRODUCTION

Orofacial clefts can involve structural 
anomalies of the upper lip and gum ridge, 
nose, hard palate, and soft palate to vari-
ous degrees. If a cleft is part of a syndrome 
or sequence, then additional craniofa-
cial anomalies may be present involving 
the lower jaw, face, ears, and skull. To 
understand the nature and management 
of clefts — including the types, impact on 
feeding, hearing and speech, and surgical 
repair — health care providers must have 
a fundamental understanding of orofa-
cial and velopharyngeal structures and 
function. The purpose of this chapter is to 
review (a) embryologic development of 
the face, (b) structures of the face, nasal 
cavity, oral cavity, pharynx, and velopha-
rynx, and (c) velopharyngeal function of 
normal speech production.

EMBRYOLOGY OF THE FACE

To facilitate an understanding of the 
types and occurrence of oral clefts, a basic 

knowledge of normal embryologic devel-
opment is essential. As reviewed below, 
the face largely develops from the first and 
second pharyngeal arches beginning at 
approximately the 4th week of gestation.

Formation of the Primary Palate —
Upper Lip and Premaxilla

At approximately the 2nd week of human 
gestation, the embryo has a flat, disc-
shaped appearance and consists of two 
cell layers, the epiblast and the hypoblast. 
During a process called gastrulation, cells 
of the epiblast begin to invaginate or fold 
in at the caudal (tail) end of the embryo. 
This process leads to the formation of 
three distinct cell layers: the ectoderm 
(previously the epiblast), the mesoderm 
(formed from the epiblast), and the endo-
derm (previously the hypoblast). These 
three cell layers will continue to grow 
and eventually form all of the specialized 
cells and organs of the fetus. Ectodermal 
cells will develop into neural and surface 
ectoderm that will compose the central 
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nervous system and outer covering of the 
body, respectively. Mesodermal cells will 
contribute to the formation of bone and 
connective tissue, and endodermal cells 
will contribute to the development of the 
digestive system.

The rapid folding and growth of the 
embryo changes its appearance from a flat 
disc to a more human-like form by the end 
of the 4th week. At this time, the embryo 
has developed into a C-shaped form with 
its cranial and caudal ends tightly curved 
(Figure 1–1). The head and neck of the 

embryo at this stage comprise approxi-
mately half its length. Also at this stage, 
the developing forebrain, first and second 
pharyngeal arches, the inner ear, heart, and 
upper limb are clearly discernable. The 
forebrain and pharyngeal arches develop 
from neural crest cells that migrate from 
the dorsal (back) side of the embryo to the 
front. The first pharyngeal arch has both 
maxillary and mandibular prominences that 
will eventually develop into the upper 
and lower jaws. The second pharyngeal 
arch will contribute to formation of the 

Figure 1–1.  Scanning electron micrograph of mouse embryo at Gestation Day 9 (human 
age approximately 27 days). (Courtesy of Kathleen K. Sulik, PhD, Department of Cell Biology 
and Physiology, University of North Carolina at Chapel Hill.)
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hyoid bone and ear. These structures, the 
first and second pharyngeal arches, are the 
primary contributors to the development 
of the face. The first pharyngeal arch will 
provide tissue prominences that develop 
into the primary palate, which consists of 
the premaxilla and the central portion  
of the upper lip.

Figure 1–2 shows development of the 
head of the embryo during the 5th week of 
gestation. Two nasal pits (indentions) are 
formed by migration of neural crest cells 
from the forebrain that develop medial 
and lateral tissue prominences. The nasal 
pits are lined with neural ectodermal cells 
called the olfactory placodes. This tissue 

will eventually form the olfactory nerve. 
Below the nasal pits is an opening that will 
develop into the mouth (stomodeum). Dur-
ing the 6th week of gestation, the upper 
lip is formed by union of the medial and 
lateral nasal prominences with each other 
and with the lateral maxillary prominence, 
tissue that developed from the first pha-
ryngeal arch. The medial nasal promi-
nences continue to merge in the midline 
to complete formation of the upper lip 
and the philtral ridges (Figure 1–3). The 
medial nasal prominences continue to 
grow inward resulting in the premaxilla, a 
triangular section of bone that will con-
tain the four maxillary incisors.

Figure 1–2.  Scanning electron micrograph of mouse embryo at Gestation Day 10 (human 
age approximately 5th week). (Courtesy of Kathleen K. Sulik, PhD, Department of Cell Biol-
ogy and Physiology, University of North Carolina at Chapel Hill.)
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Formation of the Secondary Palate

The secondary palate begins to form 
after the primary palate at approximately 
8  weeks’ gestation. Initially, the paired 
palatal shelves are in a floppy, verti-
cal position with the developing tongue 
interposed between the shelves (Fig-
ure 1–4). The palatal shelves are part of 
the lateral maxillary prominences that 
develop from the first pharyngeal arch. 
During the 9th week, the shelves begin to 
elevate and assume a horizontal position 
above the tongue before fusing. As illus-
trated in Figure 1–4, however, the tongue 
presents an obstacle to palatal shelf eleva-
tion and fusion. Some embryologists have 
proposed that the tightly curled embryo 
needs to grow in order to allow exten-

sion of the neck and forward growth of 
the mandible, resulting in lowering of the 
tongue prior to palatal elevation (Diewert, 
1974; Zeiler et al., 1964). Others, however, 
have suggested that mandibular growth 
and tongue lowering actually occur fol-
lowing palatal fusion and that palatal 
fusion itself triggers tongue lowering and 
forward growth of the mandible (Burdi, 
2006; Kjaer et al., 1993). It is also possible 
that mouth-opening reflexes are respon-
sible for lowering the tongue prior to shelf 
elevation (Humphrey, 1969).

Regardless of the actual mechanism 
of tongue lowering, the palatal shelves 
elevate and begin to approximate each 
other in the midline (Figure 1–5). Fusion 
begins at the incisive foramen and continues  
in a posterior direction until completed 

Figure 1–3.  Scanning electron micrograph of human embryo at approximately 6 weeks’ 
gestation. (Courtesy of Kathleen K. Sulik, PhD, Department of Cell Biology and Physiology, 
University of North Carolina at Chapel Hill.)


